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(57) ABSTRACT 

A passive ball capture joint has a sleeve with a plurality of 
bores distributed about a circumference thereof and formed 
therethrough at an acute angle relative to the sleeve's 
longitudinal axis. A spring-loaded retainer is slidingly fitted 
in each bore and is biased such that, if allowed, will extend 
at least partially into the sleeve to retain a ball therein. A 
ring, rotatably mounted about the bores, has an interior wall 
defining a plurality of shaped races that bear against the 
spring-loaded retainers. A mechanized rotational force pro- 
ducer is coupled to the ring. The ring can be rotated from a 
first position (that presses the retainers into the sleeve to lock 
the ball in dace) to a second Dosition (that allows the 

1,618,851 A * a1927 nunberg et al. ........... 4031328 
1,621,811 A * 311927 Richard et al. ............. 4031328 

retainers to springback out of thesleeve to release the ball). 

2,314,870 A * 311943 Dayton ....................... 2801513 15 Claims, 3 Drawing Sheets 
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PASSIVE BALL CAPTURE JOINT 

ORIGIN OF THE INVENTION 

me invention was made by employees of the United 
States Government and may be manufactured and used by or 
for the Government for governmental purposes without the 
payment of any royalties. 

Still another object of the present invention is to provide 
a passive ball capture joint having a mechanized structure 
for making the joint a rigid one. 

A still further object of the present invention is to provide 
a passive ball Captun: joint that facilitates ejection Of the 
captured 

Other objects and advantages of the present invention will 
becone more gbvims hereinafter in the specification and 

BACKGROUND OF THE INVENTION drawings. 
In accordance with the present invention, a passive ball 

Once the joint has been 

10 
1. Field of the Invention 
This invention relates to ball capture joints. ;More 

specifically, the invention is a passive ball capture joint that 
can be positively and rigidly locked into position once 
capture has occurred and that includes an ejection mecha- 15 
ni:;m when the joint is to be uncoupled. 

2. Description of the Related Art 
A wide variety of “snap together” joint couplings are 

known in the art. Included in this class of joints are ball-type 
joints which are often used in automotive linkages. Such ball 2o 
joints are characterized by low cost and very low strength in 
the axial direction as they are generally used to transmit 
forces in a plane normal to the installation axis. Further, 
these joints are not generally considered useful as passive 

they can safely transmit in the axial direction. 
A snap-fit ball joint design that can be used as a passive 

capture joint having three degrees of freedom is disclosed in 
U.S. Pat. No. 6,186,693. In this particular passive capture 3o 
joint, a joint ball mounted on a stem is received in an 

capture joints since they require more force to assemble than 25 

inventive socket. The socket consists of a base having an 
exterior wall and forms an interior chamber having a top 
end, a bottom end and an interior wall. The interior chamber 
is open at the top end and forms a spherical cup at the bottom 
end. The socket base’s interior chamber is sized to accept the 
joint ball. The base also forms at least one bore at an acute 
angle away from the interior chamber’s open end. The bores 
have a first opening in the interior wall of the chamber and 
a wcond opening in the exterior wall of the base. Retaining 
balls sized to fit within the bores, but to only partially pass 
through the first opening, are movably housed within the 
bores. The retaining balls are movably heid in tht: firs& 
opening by a compression spring housed in the bore. As the 
joint ball is inserted in the chamber, it forces the retaining 
balls back into the bore until the equator of the joint ball 
passes. Because the bore is at an acute argle to the interior 
chamber, the joint ball cannot exit the chamber without the 
joint being unlocked. The joint is manually unlocked by 
rotating a locking ring which encircles tk.e base and covers 
the: second opening. The locking ring has a radial slot for 
each retaining ball. The radial slot is aisposed angularly 
from the base and is sized to allow passage of the retaining 
baUl in the radial direction when the locking ring is manually 
rotated to align the radial slot with thr. second opening. 
However, there are many applications (e.g., space vehide 
docking, underwater capture, etc.) that do not lend them- 
selves to the above-described manual unlocking structure. 
Further, certain capture applications require a rigid joint 
once capture has occurred. 

35 

40 

capture joint has a sleeve defining a first open end and a 
second open end opposing one another along the sleeve’s 
longitudinal axis. The sleeve has a plurality of bores dis- 
tributed about a circumference thdreof and famed there- 
through at an acute angle relative to the longitudinal axis, 
The acute angle is such that it diverges outward from the 
sleeve’s longitudinal axis in a direction defined by the 
sleege’s first open end to its second open end. A spring- 
loaded retainer is slidingly fitted in each bore and is biased 
such that, if allowed, will extend at least partially into the 
sleeve. A receiver, slidingly engaged in the sleeve second 
open end, has a cupped portion facing the sleeve’s first open 
end. A ring is rotatably mounted about the sleeve and 
intersects the bores. The ring has an interior wall defining a 
plurality of shaped races. Each race bears against one of the 
spring-loaded retainers. At a first rotational position of the 
ring, each race permits its respective spring-loaded retainer 
to achieve a first positiondefined by at least partial extension 
into the sleeve. At a second rotational position of the ring, 
each race permits its respective spring-loaded retainer to 
achieve a second position defined by the spring-loaded 
retainer being positioned further radially outward from the 
sleeve’s longitudinal axis as compared to the first position. 
A mechanized axial force producer is coupled to the receiver 
to apply an axial force thereto so that the receiver is biased 
towards the sleeve’s first open end. A mechanized rotational 
force producer is coupled to the ring to apply a rotational 
force thereto so that the ring can be rotated from its first 
rotational position to its second rotational position. 

In order to capture a joint ball, the ring is in its first 
rotational position. Once captured, the receiver is pressed 
axidly aminst the joint ball to firmly seat the joint ball 
between The receiver and the spring-loaded retainers. When 

45 the joint ball is to be ejected, the ring is rotated to its second 
rotational position while the receiver continues to have the 
axial force applied Bereto. As a result, each spring-loaded 
reiaiaer is moved from its first position to its second position 
as the joint ball moves axially out of the sleeve. 

BRIEF liESCNPTiON OF THE DRAWING(S) 50 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 

Another object of the prexnt invention is to provide a 65 
provide a passive ball capture joint. 

passive ball capture joint having a nlechanized uillocking 
structure. 

Other objects, features and advantages of the present 
invention will become apparent upon reference to the fol- 
lowing description of the preferred emuodiments and to the 
drawings, wherein corresponding referecce characters indi- 
cate corresponding parts throughout the several views of the 
drawings and wherein: 
FIG. 1 is an exploded, part schematic view of an embodi- 

ment of the passive ball capture joint in acc.ordance with the 
present invention; 

FIG. 2 is an isolated cross-sectional view of the socket 
assembly and locking ring with a joint ball captured therein; 

FIG. 3 is ar isolated cross-sectiond view of the socket 
assembly and locking ring with the joint ball being released; 
FIG. 4 is a schematic side view of an embodiment of an 

axial force-produciag mechanism used in the present inven- 
tion; and 
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FIG. 5 is a plan view of an embodiment of a rotational TD zcmpensate for translational misalignment of joint ball 
force-pi-oducing mechanism used in the present invention. 100 during the cspture process, ball capture joiiit 10 can also 

include au dignment cone 30 that ta.s Its tapxed end N A  
DESCRIPTION OF THE PREFERRED coupled to open end IdA of sleeve 12. EW. aiignment cme 

EMRODIMENT(S) 5 30 directs a misaligned joint ball 100 inic chamber 16 for 
Referring now to tne drawings, and more particularly to capture as ',vi!' now be 

FIG. 1, an exploded view of a passive bJ1 capture joint in hfe ,Thg additjonally now to RGS. 2 and 3, isolated 
accordaice with the present invention is shown and refer- cross-sectional views are shown of the socket assembly, 
enced generally by reference numeral 10. Ball capture joint locking ring and joint bd l  witti the joint ball being captured 
10 is designed to passively capture a td  jock Onto a jv;nt ball 10 in mG. 2 BId released ill mG. 3. In FIG. 2, ring 22 is 
lw, the particular design of which is not a limitation of the rotationally positicned in its first extreme rotational position 
present in.renti.Jn. Further, bail ca;lure joint 10 can be SO that slot 22A allows retaining ball 24A to be pressed 
selectively Jnlocked ar,a sirrdtaneour.ly eject joint bdl100. pmialh' into chamber 16 by spring ul3. That is, in this 

In geiizrai, bdl capture joint 10 includes d sxke t  position, joint ball 100 can enter open end 12A and press 
assembiy, h locWunlock ring coupled to the smket assmbly, 15 against retaining ball 24A to compress spring 248. This is 
ar~d a rigidizingiejection iisszmbly. More specificzlly, the possible owing to the acute angle of bore 20. Once the 

equator 101 of joint ball 100 has passed retaimng bdls MA, socket asserflbly includes an ijjm-ended sleeve 12 defined 
by a base 14 havirlg an exteriGr wdi farming chamlxr 16 they snap back to ParIially enter chamber 16 as illustrated. 
having Intenor wal;. C-,amber 16 is sized rece,vljoint In order to make the capture of joint ball 100 rigid, axial 
ball therein via open end 12A of sleeve 12. A bd1 ** force-producing mechanism 28 applies axial force 29 to cup 

18. receiving I,s~d/ej~,ct ci:p 18 is sized to slide within chazber 
16 via illl nxial force applied theretc a: op>n end 1 2 ~  a j  will When it i s  desired tc! releaseyeject joint bd l  100, ring 22 
be explained filriher below. Ease i4 has at least one bore 20 is rotated by rotationsl force-producing mechanism 26 (not 
formed therethroqh, a d  typicauy has a plurality of such shown in FIG. 3) to its second extreme rotational position 
bores distributed symmetrically about base 14. For exnmple, 25 illustrated in FIG. 3. In this second eXtfeme rotational 
three of bores 20 can. be anml&y spaced apart from one position, the shape and size of Slot 22A is such that retaining 
another about base 14 by 120". ball 24A can move radially outward and clear chamber 16. 

relative to the m e  continually applied axial force 29 now Serves to eject 
longitudinal axis 14A of base 14. Angle a angles away or 3c joint ball 100 from chamber 16. 
&verges from opr, end 12A. Each bore 20 is defined by a While a Variety Of embodiments Of Uiai force-prodUCing 
series of aligned openings with a first opening 20A in the mechanism 28 can be used witho'JtdePming fromthe scope 
interior wall of chamber 16, and second and third openings Of the present invention, an illustrative embodiment will be 
2OB and 2 ~ ,  resp&vely, in the exterior wall of base 14. described with the ajd of FIG. 4. Specifically, mechanism 28 
A locking ring 22 rotatably encircles base 14, intersects each 35 can comprise a linear actuator 28% a spring CUP 282 and a 
bore and covers second opening 2OB. Owing to acute angle spring 284. When linear actuator 280 is operatzd to drive 
a, third opening 20C is also formed in the exterior wall of spring CUP 282 axially towards cup 18, spring 284 com- 
base 14 an3 is sized to receive a spring-loaded ball retainer Presses and applies its bias force to CUP 18. 
system 24. By way of example, system 24 can include a Similarly, while 8 variety of embodiments of rotational 
retaining ball 24A, a spring 24B and a threaded plug 24C for 4o force-producing mechanism 26 can be used without depart- 
insertiotdeugagenent with bore 2@ via third opening 2E. ing from the scope of the present invention, an illustrated 

kck ing  ring 22 can he rotated relatjvc io bbse 14 hetween embodiment ,will be described with the aid of FIG. 5. 
a locked and unlocked position as will be explained further Specifically, mechanism 26 Can comprise an arm 260 
below. Locking ring 22 incoq3rates a slot 22.4 for extending radially Out from ring 22, a linear actuator 262, 
cooperation with each retaiping ball 2.1A as ring 22 is 45 and a hinge 264 for PiVodlY coupling actuator 262 to arm 
rotated. Slot 22A is shaped to bear against a retaining ball 260. When linear actuator 262 is operated, the linear driving 

in ail rotational positions of ring 22% AS will be force produced thereby is converted to a rotational force 
explained further below, in the first of two extreme rotational acting on ring 22 
positions of ring 22, each slot 22A allows each spring 24B The advantages of the present invention are numerous. 
to presshias a retaining ball 24A into chamber 16 to 5c A joint ball can be passively captured with the capture 
capturehetain joint ball 100. In the second of the two position being subsequently axially loaded to make the joint 
extreme rotational positions of ring 22, slot 22A allows each rigid. When the joint ball is to be released, the same axial 
retaining ball 24A to move radially outward from chamber loading force acts as an ejection force to ensure that the joint 
16 thereby allowing the axial passage of joint ball 100. ball clears the ball capture joint. 
Rotational movement of ring 22 is caused by rears of a 55 Although the invention has been described relative to a 
rotational force-producing mechanism 26 wnich is coupled specific embcdiment thereof, there are numerous variations 
to ring 22. Mechanism 26 can be any mechanized means and modifications that will be readily apparent to those 
capable of bringing about the rotational movement of ring skilled in the art in light of the above teachings. It is 
22 between its two extreme rotational positions. therefore to be understood that, within the scope of the 

As mentioned above, ball receiving loadeject cup 18 60 appended claims, the invention may be practiced other than 
slides in open end 12B and is retained and moved in as specifically described. 
chamber 16 by means of an axial force-producing mecha- What is claimed as new and desired tg be secured by 
nism 28 that is coupled to cup 18. Mechanism 28 can be any Letters Patent of the United States is: 
mechanized means capable of axially movinglbiasing cup 18 1. A passive ball capture joint, comprising: 
towards open end 12A for purpose of making the captured 65 a sleeve having a longitudinal axis with a first open end 
joint ball coupling rigid and for applying an axial ejection and a second open end opposing one another along said 
force to the joint ball when it is to be released. longitudinal axis, said sleeve having R plurality of bores 

Each bore 20 forms an acute angle 

264 and arm 260. 
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distributed about a circumference thereof and Eormed 
therethrough at an acute angle relative to said longitu- 
dinal axis, said acute angle diverging outward from said 
longitudinal axis in a direction defined by said first 
open end to said second open end; 

a spring-loaded retainer slidingly fitted in each of said 
plurality of bores and biased to extend at least partially 
into said sleeve; 

a receiver slidingly engaged in said second open end of 
said sleeve, said receiver having a cupped portion 
facing said first open end of said sleeve; 

a ring rotatably mounted about said sleeve and intersect- 
ing said plurality of bores, said ring having an interior 
wall defining a plurality of shaped races, each of said 
plurality of shaped races bearing against one said 
spring-loaded retainer for, at a first rotational position 
of said ring, permitting each said spring-loaded retainer 
to achieve a first position in which each said spring- 
loaded retainer extends at least partially into said sleeve 
and, at a second rotational position of said ring, per- 
mitting each said spring-loaded retainer to achieve a 
second position in which each said spiing-loaded 
retainer is positioned further radially outward from said 
longitudinal axis as compared to said first position; 

an axial force producer coiipled to said receiver for 
applying an axial force thereto wherein said receiver is 
biased towards said first own end; and 

a rotational force producer coupled to said ring for 
applying a rotational force thereto wherein, when said 
ring is rotated from said first rotational position to said 
second rotational positior?, each said spring-loaded 
retainer moves from szid first position to s a d  second 
position, said rotational force producer comprising a 
coupling arm coupled to and extending radially out- 
ward from said ring, and an actuator pivotally coupled 
to said coupling arm wherein, when activated, said 
actuator causes rotation of said ring. 

2. The passive ball capture joint as in claim 1 iurthcr 
comprising a cone coupled to and diverging outward from 
said first open end of said sleeve. 

3. The passive ball capture joint as in claim 1 wherein said 
plurality of bores are distributed symmetrically about said 
circumference. 

4. The passive ball czpture joint as in claim 1 wherein s a d  
plurality of bores comprise three bores distributed syininetn- 
cally about said circumference. 

5. The passive ball capture joint as in claim 1 wherein said 
spring-loaded retainer comprises: 

a ball; and 
means for biasing said ball into said sleeve. 
6. The passive ball capture joint as in claim 1 wherein said 

a linear actuator; and 
a spring mechanism coupled between paid linear actuator 

and said receiver wherein, when activated, said linear 
actuator compresses said spring mechanism. 

axial force producer comprises: 

7. A passive ball capture joint, comprising: 

6 
a spring-loaded retainer slidingly fitted in each of said 

plurality of bores and biased to extend at least p'artially 
into said sleeve; 

a receiver slidingly engaged in said second open end of 
said sleeve, said receiver having a cupped portion 
facing said first open end of said sleeve; 

a ring rotatably mounted about said sleeve and intersect,. 
ing said plurality of bores, said ring having an interior 
wall defining a plurality of shaped races! each of ssid 
plurality of shaped races bearing against one said 
spring-loaded retainer for, at a first rotational posit.ion 
of said ring, permitting each said spr'ngloaded retainer 
to achieve a first position in which each said Spring.- 
loaded retainer extends at least partially into said sleeve 

, and. at a second rotational position of said ring, per- 
mitting each said spring-loaded retainer to achieve a 
secofid position in which each said spring-loaded 
retainer is positioned further radially outward from said 
longitudinal axis as compared to said first position; 

a first linear actuator; 
a spring mechanism coupled between said first linear 

actuator arid said receiver wherein, when activated, said 
first linear actuator compresses said spring mechanism; 

a coupling a m  coupled to and extending radially outward 
from said ring; and 

a second linex actuator pivotally coupled to said coupling 
arm for applying a rotational force thereto wherein, 
when activated, said second linear actuator causes 
rotation of said ring between said first rotational posi- 
tion and said second rotational position. 

8. ' h e  passhe ball capture join! as in claim 7 further 
comprising a cone coupled to and diverging outward from 
said first apen end of said s!eeve. 

9. The passive ball capture joint as in claim 7 wherein said 
plurality of bores are distributed syinmetr'cally about said 
circumference. 
IO. Tne passive ball capture joint as ir. claim 7 wherein 

said plurality of bores comprise three bores distributed 

11. The passive ball capture joint as in claim 7 wherein 

a ball; and 
means for biasing said ball into said sleeve. 
12. A passive ball capture joint, comprising: 
a base forming an interior chamber having an interior 

wall, an exterior wall, and first and second open ends, 
said base having at least one bore set at an acute angle 
away from said first open end of said chamber, said at 
least one bore having a first opening in said interior 
wall of said chamber and a second opening in said 
exterior wall; 

a retaining ball housed within said at least one bore and 
sized to fit movably within said at least one bore and 
extend partially out of said first opening; 

a means for biasing said retaining ball towards said first 
opening; 

a receiver slidingly engaged in said seccnd open end of 

5 
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4c symmetrically about said circumference. 

said spring-loaded retainer comprises: 

45 

50 
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a sleeve having a longitudinal axis with a first open end 60 
and a second open end opposing one another along said 
longitudinal axis, said sleeve naving a plurality of bores 
distributed about a circumference thereof and formed 
therethrough at an acute angle relative to said longitu- 
dinal axis, said acute angle diverging outward from said 65 
longitudinal axis in a direction defined by said first 
open end to said second open end; 

said base, said receives having a cupped portion facing 
said first open end; 

a locking ring rotatably mounted about said base and 
covering said second opening. said locking r h g  having 
an interior wall forming a radial slot for said retaining 
ball, said radial slot shaped and sized to allow said 
retaining ball passage in the radial direction when ?aid 
locking ring is rotated about said base; 
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a mechanized axial force producer coupled to said 
receiver for applying an axial force thereto wherein 
said receiver is biased towards said first open end; and 

a mechanized rotational force producer coupled to said 
locking ring for applying a rotational force thereto. 

13. The passive ball capture joint as in claim 12 fitrther 

a spring mechanism coupled between said linear actuator 
and said receiver wherein, when activated, said linear 
actuator compresses said spring mechanism. 

15. The passive ball capture joint as in claim 12 wherein 
said mechanized rotatiJnal force ppducsr comprises: 

a coupling arm coupled to and extending radially outward 
from said ring; and 

wherein, when activated, said actuator causes rotation 
of said ring. 

comprising a cone coupled to and diverging Outward from an actuator pivotally cokpled ;o said coupling arm 
said first open end of said base. 

14. The passive ball capture joint as in claim 12 wherein 

a linear actuator, and * * , e * *  

said mechanized axial force producer comprises: 10 

i 


